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Available online 15 November 2011AbstractBackground: The aim of the study was to report detailed information on the patient characteristics, outcomes, and clinical features of pediatric
nonpharmaceutical poisoning events treated at an emergency department in central Taiwan.
Methods: This retrospective study comprised 76 children aged 18 years or under who attended the emergency department for treatment of
nonpharmaceutical poison exposure. We reported the regional patient characteristics and pinpointed, using receiver operating characteristic
analysis, the high risk associated with older individuals in terms of intentional poisoning. The poisonous materials involved could be divided into
five main categories, and detailed information on this is provided. Further, the association between different poisoning categories and outcomes
are analyzed. Finally, age-related risk factors including gender and the reason for the ingestion of poison are analyzed.
Results: Cleansing products (39.5%), pesticides (28.9%), and industrial products (15.8%) were the three most common groups of items involved
in non-pharmaceutical poisoning. Gaseous agents resulted in the longest hospitalization. Gastrointestinal symptoms (44.7%) were the most
predominant clinical presentation. Most children (72.4%) presented with their major symptoms for less than 1 day. The incidence of exposure
was highest among preschool children and adolescents. Intentional poisoning and female gender were significant factors among older children
(both p < 0.05). Finally, children aged older than 11.5 years were found to have a high risk of intentional poisoning.
Conclusions: The type of non-pharmaceutical poison predicts the outcomes of children who are poisoned. Being female and having undergone
intentional poisoning have a higher prevalence among older children.
Copyright  2011, Taiwan Society of Emergency Medicine. Published by Elsevier Taiwan LLC. All rights reserved.
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Poisoning is frequently encountered in emergency depart-
ments (EDs). These events pose a challenge when managing
pediatric poisoning patients because of the difficulties* Corresponding author. Department of Emergency Medicine, Changhua
Christian Hospital, 135 Nanshsiao Street, Changhua 500, Taiwan.
E-mail address: h6213.lac@gmail.com (Y.-R. Lin).
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doi:10.1016/j.jacme.2011.10.006associated with history-taking and the fact that any physical
examination is more unreliable compared with that of an adult.
In addition, pediatric patients are usually more vulnerable due
to physiological differences between developmental stages.
Many nonpharmaceutical agents present in the environment
are potentially toxic to children.1,2 Previous studies in many
countries have reported that preschool-age children are at
high risk of poisoning, mostly unintentionally.1,3e5 Some
risk factors that have been commonly identified include theMedicine. Published by Elsevier Taiwan LLC. All rights reserved.
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socio-economic status of the parents, and the age of the
child.1,4,6,7 However, in pediatric poisoning, the age distribu-
tion, the cause of poisoning, and the types of product involved
differ between different geographical regions.1,3,5,6,8 To our
knowledge, there are no demographic data available for
central Taiwan. Moreover, patterns of and reasons for non-
pharmaceutical poisoning in different age groups obviously
may vary. This is especially true for adolescents, in whom
there may be strong link to intentional poisoning; such
information is also lacking for central Taiwan. In this study,
our aim was to analyze patient characteristics, outcomes, and
clinical presentations of nonpharmaceutical poisoning events
that presented at an ED in central Taiwan.
2. Materials and methods2.1. Study population and study designChildren aged 18 years or less who presented to the ED of
the Changhua Christian Hospital with nonpharmaceutical
poison exposure during the period January 1, 2001 to
December 31, 2007 were included in this study. Patient char-
acteristics and clinical features associated with the outcome of
these nonpharmaceutical poisonings were analyzed retrospec-
tively. The study protocol was approved by the institutional
review boards of this hospital.2.2. Data collection and definitionsPatient characteristics were obtained from the patients’
medical records and were identified and abstracted by the ED
physicians. The variables included sex, age at onset of
poisoning, location and reason (accidental or intentional) for
poison exposure, category of substance, clinical presentations,
duration of major symptoms, insertion of nasogastric tube,
hospital admission, and period from poison exposure to arrival
at the ED. The reason for and the place of poison exposure were
self-reported by family members, patients, or witnesses. The
duration of the major symptoms was evaluated by physicians.
Patients were divided into four age groups: an infant group
(1 month e 1 year old a preschool-age group (2e6 years),
a school-age group (7e12 years), and an adolescent group
(13e18 years of age). Children in whom the poisoning was due
to a pharmaceutical, foreign body ingestion (coins, plastics, or
toys), food overingestion or envenomation were not included in
this study. The clinical presentations were categorized into
seven major groups of symptoms: (1) asymptomatic (without
any uncomfortable symptoms or chief complaints, and with no
specific findings after a physical examination in the ED); (2)
gastrointestinal symptoms (nausea, vomiting, diarrhea, con-
stipation, abdominal pain); (3) neurological symptoms (dizzi-
ness, vertigo, convulsion, headache, change in consciousness);
(4) respiratory tract symptoms (cough, dyspnea); (5) cardio-
vascular symptoms (brady-/tachycardia, cardiac dysrhythmia,
hypo-/hypertension); (6) multiple symptoms (two or more
symptoms); and (7) other symptoms.The nonpharmaceutical substances were classified into five
categories according to characteristics of usage: (1) cleaning
products (bathroom detergents, glass detergents, bleach); (2)
industrial products (desiccating agents, banana oil, mercury);
(3) pesticides (pyrethrum, raticide, organophosphate); (4)
gaseous agents (carbon monoxide, fuel gas, waste gas); and
(5) cosmetics (hair glue, lotion). Detailed information on the
nonpharmaceuticals that caused poisoning in these children
was analyzed and is presented. Moreover, the outcomes for the
children are also presented based on the different categories of
substances. The different categories of poison, age, reason for
exposure, and duration of hospitalization were analyzed to
identify specific differences. Children who presented with very
unstable vital signs were admitted to the pediatric intensive
care unit (PICU); these symptoms included respiratory failure,
severe hypovolemia, and persistent unconsciousness.
The severity of outcome was also classified into five levels
according to the suggestions of the American Association of
Poison Control Centers (AAPCC). These were: (1) no effect:
the patient did not develop any signs or symptoms; (2) minor
effect: the patient developed some signs or symptoms as
a result of the exposure, but these were minimally bothersome
and generally resolved rapidly with no residual disability or
disfigurement; (3) moderate effect: the patient exhibited signs
or symptoms as a result of the exposure that were more
pronounced, more prolonged, or more systemic in nature than
minor symptoms; usually, some form of treatment was indi-
cated, but the symptoms were not life-threatening; (4) major
effect: the patient exhibited signs or symptoms as a result of
the exposure that were life-threatening or resulted in signifi-
cant residual disability or disfigurement; and (5) death.9
In addition to the above, gender differences for the different
age groups in relation to the nonpharmaceutical poisoning
were also analyzed. Finally, the reasons for exposure were
classified into intentional (suicidal behavior) and accidental
(misuse or unavoidable exposure), and the relationship
between the reasons for poison exposure and the different age
groups was also analyzed.2.3. Statistical methodsData were analyzed by one-way analysis of variance
(ANOVA), Pearson’s Chi-square test, and Student t test. The
results of descriptive statistics (age, sex, clinical presentation,
categories of nonpharmaceutical poisoning agent, duration of
symptoms, and duration of hospitalization) are reported as
numbers, percentage and mean  standard deviation. One-way
ANOVA was used to compare the mean ages of the children
within the different age groups in terms of different categories
of nonpharmaceutical substance. Differences in accidental and
intentional poison exposure in terms of age and sex were
analyzed by the Pearson’s Chi-square test. The associations
between demographics and AAPCC severity of outcome were
also analyzed by the Pearson’s Chi-square test. Overall, the
high risk of intentional poisoning in terms of the age group of
the children who suffered from nonpharmaceutical poisoning
was analyzed by receiver operating characteristic curve (ROC)
43J.-H. Wu et al. / Journal of Acute Medicine 1 (2011) 41e46analysis. A p value <0.05 was regarded as significant. All
statistical analyses were performed on a personal computer
using the statistical package SPSS for Windows Version 15.0
(SPSS Inc., Chicago, IL, USA).
3. Results3.1. Patient characteristics and clinical presentationsThis study included a total of 76 children with non-
pharmaceutical poison exposure who attended the ED during
the period from January 2001 to December 2007. Their
demographics are presented in Table 1. There were 43 boys
(56.6%) and 33 girls (43.4%). The preschool and adolescentTable 1
Demographics and clinical presentations among children suffering from
nonpharmaceutical poison exposure.
Poison exposure in children (n ¼ 76)
Number %
Sex
Male 43 56.6
Female 33 43.4
Age (mean  SD, y) 7.86  6.48
Infant 15 19.7
Preschool age 30 39.5
School age 5 6.6
Adolescent 26 34.2
Location of poison exposure
Home 59 77.6
Outside home 17 22.4
Reasons for poison exposure
Accidental 62 81.6
Intentional 14 18.4
Categories of substances
Cleaning products 30 39.5
Industrial products 12 15.8
Pesticides 22 28.9
Gaseous agents 8 10.5
Cosmetics 4 5.3
Clinical presentations
Asymptomatic 18 23.7
Gastrointestinal symptoms 34 44.7
Neurological symptoms 14 18.4
Respiratory symptoms 5 6.6
Cardiovascular symptoms 2 2.6
Multiple symptoms 2 2.6
Others 1 1.4
Duration of major symptoms
1 d 55 72.4
2e4 d 16 21.1
5 d 5 6.5
Nasogastric tube insertion
Yes 22 28.9
No 54 71.1
Hospital admission 22 28.9
Median period from poison
exposure to arrival at hospital (h)a
3.1
SD ¼ standard deviation.
a Four patients had missing information.age groups had the highest representation (39.5% and 34.2%,
respectively), followed by infants (19.7%) and then school-age
children (6.6%). Overall, the mean age of the children was
7.86  6.48 years. The most common location of poison
exposure was at home (77.6%), and the major reason for
poison exposure was accidental (81.6%). Cleaning products
(39.5%), followed by pesticide poisoning (28.9%), were most
frequently encountered in our study. Among the 76 children,
gastrointestinal symptoms were the most common (44.7%),
followed by an asymptomatic state (23.7%). The most
common duration of major symptoms was 1 day or less
(72.4%). A nasogastric tube was inserted for irrigation in 22
children (28.9%).3.2. Categories of pharmaceutical agent in relation to
outcomeDetailed information on the nonpharmaceutical agents that
caused the poisonings is presented in Table 2. Cleansing
products (39.5%, n ¼ 30) accounted for the most common
group of nonpharmaceutical poisons. These products could be
divided into house-cleansing products (n ¼ 16) such as bath-
room detergents, and personal cleansing products (n ¼ 14), for
example shampoo and shower gel. Pesticides were the second
most common non-pharmaceutical poison (18.4%, n ¼ 22).
Table 2
Detailed information on the nonpharmaceutical agents that caused poisoning
among children (n ¼ 76).
Cleaning products (n ¼ 30) Number (%)
House cleaning products 16 (21.1)
Bathroom detergent 6 (7.9)
Glass detergent 3 (4)
Bleach 3 (4)
Hydrochloric acid 2 (2.6)
Deodorant products 2 (2.6)
Personal cleaning products 14 (18.4)
Shampoo 6 (7.9)
Shower gel 5 (6.6)
Liquid laundry detergent 2 (2.6)
Contact lens maintenance fluid 1 (1.3)
Industrial product (n ¼ 12) Number (%)
Desiccating agent 5 (6.6)
Banana oil 2 (2.6)
Adhesive substance 2 (2.6)
Ink 1 (1.3)
Mercury 1 (1.3)
Lubricating oil 1 (1.3)
Pesticides (n ¼ 22) Number (%) Gaseous matters (n ¼ 8) Number (%)
Pyrethrum 7 (9.2) Carbon monoxide 5 (6.6)
Raticide 5 (6.6) Fuel gas 2 (2.6)
Carbamate 4 (5.2) Waste gas 1 (1.3)
Organophosphate 4 (5.2)
Camphor 1 (1.3)
Paraquat 1 (1.3)
Cosmetics (n ¼ 4) No. (%)
Hair glue 2 (2.6)
Lotion 1 (1.3)
Suntan lotion 1 (1.3)
Table 3
The outcomes for children who suffered different categories of nonpharmaceutical poison exposure.
Categories of
nonpharmaceutical agent
Poison exposure in children (n ¼ 76)
Age (y)* Accidental
No. (%)
Admission (%) Intensive care
unit admission (%)
Total
number
Duration (h)a
25th 50th (median) 75th
Cleaning products 6.96  6.65 23 (76.7) 11 (50) 1 (14.3) 30 0.75 6 61.5
Industrial products 5.86  4.86 11 (91.7) 2 (9.1) 1 (14.3) 12 0.5 0.95 5.9
Pesticides 11.11  7.55 19 (86.4) 5 (22.7) 3 (42.9) 22 0.65 8 18.5
Gaseous agents 11.36  6.68 6 (75.0) 4 (18.2) 2 (28.6) 8 12.3 20.3 157
Cosmetics 2.20  1.02 3 (75.0) 0 0 (0) 4 0.2 12 12
Total 7.86  6.48 62 22 7 76 0.7 7 39.1
*The mean age ( p ¼ 0.012) and median duration of hospitalization ( p ¼ 0.036) differed significantly between the categories of nonpharmaceuticals.
a The total duration of hospitalization included the duration of observation in the pediatric observation unit and the hospital admission.
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(n ¼ 7). Other agents included industrial products (15.8%),
gaseous matters (10.5%), and cosmetics (5.2%).
The outcomes for the patients are presented in Table 3. The
mean age ( p ¼ 0.012) and median duration of hospitalization
( p ¼ 0.036) differed significantly between the categories of
nonpharmaceutical agent. The mean ages of the children
poisoned by pesticide (11.11  7.55 years) and gaseous agent
(11.36  6.68 years) intoxication were significantly higher
than that of the children with other categories of intoxication.
Moreover, gaseous agents were associated with the longest
duration of hospital length of stay (median 20.3 hours). Seven
children were admitted to the PICU because of unstable vitalFig. 1. (A) Sex ( p ¼ 0.04) and (B) reasons for poison exposure ( p <signs; pesticides and gaseous agents poisoning contributed to
five of these. All the children were discharged alive.
According to the AAPCC severity classification, 18 (23.7%),
37 (48.7%), 14 (18.4%), and seven (9.2%) children were
classified as suffering from no effect, minor effects, moderate
effects, and major effects, respectively. The reason for poison
exposure was the only significant factor associated with the
AAPCC severity of outcome ( p ¼ 0.001). No effect and minor
effect were more common in children with accidental
poisoning than in children with intentional poisoning. Age
group, sex, location of poison exposure and categories of
substance did not show any significant difference in terms of
association with AAPCC severity classification.0.001) differ significantly across the four age groups of children.
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poisoning exposureWe also noted that the sex of the children differed signifi-
cantly between the different age groups ( p ¼ 0.04) (Fig. 1A).
Boys more frequently than girls experienced poison exposure
at a young age, especially in the infant and preschool groups.
In contrast, girls predominated over boys in the adolescent age
group (girls vs. boys: 58% vs. 42%).3.4. Differences between accidental and intentional
poisoning exposureFig. 2. Receiver operating characteristic curves for intentional poisoning
among children in terms of age. The cut-off age was 11.5 years [area under the
curve ¼ 0.874 (95% confidence interval 0.796e0.953), sensitivity ¼ 92.3%,In this study, the reasons for nonpharmaceutical poison
exposure in children were classified as either accidental or
intentional. The percentage of intentional nonpharmaceutical
poison exposure increased significantly with age. Infants and
preschool-age children exposed to nonpharmaceutical poisons
were almost exclusively in the accidental category, while
about one-third of the school-age children and half of the
adolescents in this study were in the intentional poisoning
category (Fig. 1B) ( p < 0.001).specificity ¼ 78.3%].
3.5. Higher risk of intentional poisoning in older
childrenFurthermore, the mean age of patients was analyzed by
ROC curve to pinpoint the cut-off age for a high risk of
intentional poisoning. The area under the ROC curve
(AUC) was greater than 0.5, and the cut-off age for high risk
of intentional poisoning was 11.5 years [AUC ¼ 0.874
(95% confidence interval 0.796e0.953), sensitivity ¼ 92.3%,
specificity ¼ 78.3%] (Fig. 2).
4. Discussion
Pediatric nonpharmaceutical poisoning not uncommon in
EDs and in daily life. In this study, we have analyzed patient
characteristics, outcomes, and clinical features of pediatric
poisoning in central Taiwan.
Age was the first major factor associated with a chance of
poison exposure in this study. Preschool-age children and
adolescents showed a higher prevalence of nonpharmaceutical
poisoning across all age groups. We suspected that preschool-
age children learn and assimilate information partly by
exploring their surroundings on their own, and hand-to-mouth
contact is one of their important approaches.1,10 Therefore,
preschool-age children are at a greater risk of accidental
poisoning.1,10 The frequency of exposure is largely determined
by accessibility and availability among these preschool-age
children, as well as by the packaging of the ingested
agent.1,2 It is these factors that result in different poisoning
agents being more or less common in different regions
throughout the world.
In our study, household or personal cleaning products,
followed by industrial products and cosmetics, were the most
common poisoning agents in younger children. In the UnitedStates, cleaning products were the most frequent agent in
pediatric nonpharmaceutical poisoning.10 On the other hand,
kerosene oil poisoning is very common in south Asia and
Africa.3,5,6,8 In central Taiwan, people usually put their
household or personal cleaning products in the bathroom,
sometimes even on the ground rather than on a shelf or in
a closet. Cleaning products were the most common non-
pharmaceutical poisoning agents in this study, and this is
probably associated with easy accessibility and availability,
along with colorful packaging. Desiccating agents are found in
many dry snacks, and preschool-age children are unable to
differentiate these easily from real foods. Thus, desiccating
agents accounted for 41.6% of all industrial product poisoning.
In contrast to the results for younger children, nearly half of
the adolescents in this study were involved in intentional
poisoning. All of these adolescents were reported as having
self-inflicted the poison rather than it being associated with
homicide or abuse. Poisoning was the most common suicide
method in Taiwan before 1990 and is still popular currently
because of accessibility and availability.12 Academic stress,
family pressure, peer pressure, underlying health and psychi-
atric conditions, and substance abuse are all thought to
contribute to intentional poisoning among adolescents. Inten-
tional poisoning was rarely observed in the other age groups of
children in our study.13
We plotted ROC curves for intentional pediatric intentional
poisoning and age, which revealed that the cut-off age was
11.5 years. As a result, a pediatric patient who is over 11.5
years old who presents at an ED with nonpharmaceutical
poisoning should be suspected to be an intentional poisoning
case, and suicide prevention should be emphasized. Consul-
ting social workers and/or a psychiatrist in addition to standard
management is therefore warranted.
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gender differences were significantly different between the
various age groups. Previous studies have reported boys and
girls aged younger than 1 year as having an equal risk of
unintentional poisoning.4 However, in our study, poisoning was
much more frequent in male infants than female infants, and
this was similar for preschool and school-age children. None-
theless, no major difference in physical, affective, and cognitive
development has been noted between the sexes during their
infancy.14 One possible explanation of the higher poisoning rate
amongmale infants in our study might be as follows. If a mother
has a daughter, the mother is more likely to judge a behavior as
being more risky, resulting in more frequent and quicker
intervention than would occur with the mother of a son.14
Furthermore, in Taiwan, self-poisoning has been reported as
the second most common suicide method used by females,
regardless of whether they are adolescent or grown-up.15
Cleaning products cause the majority of cases of either
accidental or intentional poisoning. Half of the patients with
cleaning product poisoning were admitted to hospital;
however, only one of them required PICU admission. Cleaning
products usually have a low toxicity, and therefore a large
portion of these patients were admitted merely for observation
(median time 6 hours). In other studies, the rate of admission
was also low (5.6e13.3%).1,11 However, our result does not
change the fact that the severity of most poisoning with
cleaning products is low. Pesticides were the second most
common agents causing poisoning in our study. Pediatric
pesticide poisoning is uncommon in developed countries. In
the United States, the proportion has been estimated to be
lower than 1%.11 However, it represents up to 11% of all
pediatric poisoning cases in South Africa.16
It was notable that the mean age of pesticide poisoning was
older, although intentional poisoning was not frequent
(13.6%). According to reports by the Taiwan government in
2009, in Chunghwa, a major agricultural county in central
Taiwan, 35.3% of people are agricultural workers. Therefore,
children in this area are likely to have a higher chance of
contact with pesticides than children in a non-agricultural city.
Such circumstances are also observed in other agricultural
regions, such as Central America.17,18 A previous study has
indicated poor outcomes when children suffer from pesticide
poisoning, and a high-care unit or PICU admission is often
required (38.9% of children).16 In a study examining all
common poisoning agents that are used for suicide, pesticides
were associated with the highest percentage of death.15
Therefore, early diagnosis by the ED physician of pesticide
poisoning among children is important.
5. Conclusion
Detailed information on the nonpharmaceutical agents that
cause pediatric poisoning in central Taiwan is reported in this
study. Cleaning products and pesticides are the two most
common agents, and gastrointestinal symptoms are the most
predominant clinical presentations. The category of non-
pharmaceuticals involved in the poisoning predicted theoutcomes among the children. Female poisoning and inten-
tional poisoning have a higher prevalence among older chil-
dren. Most importantly, children aged older than 11.5 years
have a high risk of intentional poisoning.
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